Driven by the ever increasing RF performance demands of cellular infrastructure (UMTS, WiMAX and LTE) applications requiring higher peak and average power output, higher efficiency, broader channel bandwidth and better linearity under W-CDMA and OFDM modulation, combined with equally challenging government and military demands for higher power density, 48V+ operation, very wide bandwidths and thermal performance constraints, RF-transistor and power amplifier suppliers have been forced to push the limits of today's incumbent technology and are taking a renewed look at tapping alternative semiconductor solutions and amplifier architectures to satisfy these demands.
Introduction
Driven by the ever increasing RF performance demands of cellular infrastructure (UMTS, WiMAX and LTE) applications requiring higher peak and average power output, higher efficiency, broader channel bandwidth and better linearity under W-CDMA and OFDM modulation, combined with equally challenging government and military demands for higher power density, 48V+ operation, very wide bandwidths and thermal performance constraints, RF-transistor and power amplifier suppliers have been forced to push the limits of today's incumbent technology and are taking a renewed look at tapping alternative semiconductor solutions and amplifier architectures to satisfy these demands.
As such, the pace of GaN commercialization efforts has accelerated around the world. While Siand GaAs-based RF devices approach the limits of their intrinsic material and device capabilities, GaNbased HEMT technology is only beginning to tap the benefits of III-Nitride technology by optimizing the material and device designs which draw on the increased power densities, electron saturation velocities, low parasitic capacitances and breakdown fields offered by a GaN-based platform technology. These attributes in turn are enabling the fabrication of devices meeting the performance requirements at the device level needed by the industry for current and future system level architectures.
Nitronex has developed a unique GaN-onSilicon platform technology aimed at harnessing the performance advantages of GaN and providing the advantageous economic and manufacturing benefits of silicon. The following reports on the status of the platform technology, current development efforts and long term technology advancements being investigated.
Platform Technology
Nitronex's first generation 28V manufacturing platform technology (NRF1) employs a material structure and device layout depicted schematically in Figure 1 . The AlGaN/GaN material was grown by MOCVD on high resistivity 100mm Si (111) substrates.
Complete details of the device processing have been presented elsewhere [1, 2] . Device layout attributes include use of 0.5um Ni/AU gates, 3 um gate-drain spacing, 200um unit gate width, source field plates and 75 um source vias.
Over 700 NRF1 wafers have been processed in support of product development efforts and Table I  summarizes the Process Control Module specifications associated with the NRF1 baseline process.
Production die based on a 2-mm unit cell are then scaled to meet cellular and military broadband power levels ranging from 4W to 200W utilizing ceramic air cavity and plastic over-mold packaging.
Current Development Efforts
Technology development for next generation GaN-on-Silicon devices is proceeding in three thrust areas: 1) 50V Operation, 2) MMICs and 3) increased operating frequency. Current efforts are underway to qualify in 2008 products capable of 50V operation. Higher operating voltage increases the power density and therefore allows for reduced chip sizes exhibiting low output capacitance parasitics relative to LDMOS and GaAs and reduces the influence of the parasitic R DON . A key component of achieving reliable operation is improved thermal engineering solutions achieved through die layout optimization, die thinning and employment of copper packaging. Figure 2 shows an example of an 8-mm gate periphery chip used for our 28V technology (Fig 2a) and the thermally improved layout for 50V products (Fig 2b) . The primary change in the layout consisted of arranging the active area of the transistor from a conventional continuous arrangement to a staggered arrangement of smaller cells. This change was made in conjunction with an increase in the gate to gate pitch from 30µm to 50µm. These layout changes resulted in a reduction of the thermal coupling between the gates and hence, led to lower thermal resistance by ~ 25% and. The final die thickness was also reduced from 6 mils to 2 mils which contributed to an additional ~15% decrease in the thermal resistance. 
Technology Advancements
Also under development is the establishment of a MMIC capability based on the NRF1 platform. The necessary passive elements and optimized process flow is currently being qualified. The enhanced capability of integrated circuits based on GaN-on-Si has begun to be reported in technical literature [3, 4] . Figure 4 shows an example of a 0.1 to 5 GHz distributed medium power amplifier MMIC. At a drain voltage of 15V, the circuit delivers about 2W, with small signal gain of 10-15dB, depending on frequency. Drain efficiencies range from 25 to 30% across the band. At 28V, the circuit exhibits 3W and 23% drain efficiency. Finally, development activities are underway to optimize the GaN-on-Silicon platform for higher frequency operation, currently targeting up to 20 GHz.
This technology thrust will proceed to qualification in the coming years and will open up additional military and commercial applications.
Conclusions
Nitronex has developed a GaN-on-Silicon platform technology optimized to deliver the requisite performance for 28V RF applications for the commercial and military markets.
Efforts are currently underway to qualify a thermally enhanced 48V platform technology in 2008. Additionally, a MMIC process is reaching final stages of qualification and will be available for product development in 2009. Next, the technology will be developed to provide higher frequency of operation on the GaN-on-Si platform for up to 20 GHz.
